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Question 1

In thisassignmentyou will design,programandtest
a simple computer. The computer’s CPU hastwo
registers:a programcounter(PC)andanaccumula-
tor (A). The CPU usesa Harvard architecture(sep-
aratedataandinstructionmemories).TheCPU has
eight instructions. The dataandinstructionmemo-
ries areboth 8 bits wide and32 wordsdeep. Each
instructionmemorylocationholdsa 3-bit opcodein
the MS 3 bits anda 5-bit addressfield in the LS 5
bits.

Thecomputeris dividedinto five parts:

� aread/writedatamemory

� aread-onlyinstructionmemory

� thePCdatapath

� theA datapath

� acontroller(instructiondecoder)

Data Types

Createdata types for instruction and data words.
Eachshouldbe8 bits wide. The datawordsshould
be subtypesof unsigned,the instructionsshouldbe
subtypesof std logic vector. Putthetypedefinitions
in apackage.

Memories

Define entitiesfor the dataand instructionmemo-
ries. Theinstructionmemoryis a ROM with a 5-bit
addressinput and an 8-bit output (the instruction).
Use a selectedassignmentstatementto implement
the ROM. Note that you will not have to definethe
contentsof all locations(seebelow).

Thedatamemoryis aRAM with thefollowing in-
puts: “datamemoryin”, address,read/writecontrol
signal,andclock. The only outputis a “datamem-
ory out” output. Useanarrayof datawordsandthe
VHDL array indexing operator(( )) to implement
theRAM.

A Datapath

The accumulator(A) datapathupdatesthe accumu-
latorasinstructedby thecontroller. A canbeloaded
with: (1) A, (2) thedatamemoryoutput,(3) thead-
dressfield of thecurrentinstruction,(4) theresultof
an’add’, ’not’, or ’and’ operationon thedatamem-
ory outputandA.

The ALU datapathinputsare: the datamemory
output,theaddressfield of thecurrentinstruction,an
operationcode,andtheclock.

The outputsare: the datamemoryinput, a signal
that indicatesA is zero,anda signal that indicates
theMS bit of A is set(A is negative).

PC Datapath

The programcounter(PC) datapathupdatesPC as
instructedby thecontroller. PCcanbeloadedwith:
(1) PC, (2) PC+1(to point to the next instruction),
(3) the currentinstruction’saddressfield (to branch
to anotherinstruction),or (4) zero(to resetthecom-
puter).

ThePCdatapathinputsare:theaddressfieldof the
currentinstruction,anoperationcode,a resetsignal,
andtheclock.

The output is: the currentvalue of the program
counter.
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Instruction Decoder (Controller)

The instructiondecoderusesthe currentinstruction
to controltheA andPCdatapaths.

It’ s inputs are: the MS 3 bits of the instruction
memoryoutput(thecurrentinstruction),andthezero
andnegativestatussignalsfrom theALU.

It’ s outputsare: theoperationcodeto theA data-
path,theoperationcodeto thePCdatapath,andthe
RAM read/writecontrolsignal.

DesignthecontrollersothattheCPUcanexecute
thefollowing instructions:

code description
LOAD 000 load - load A from the data

memory location addressed
by the instruction address
field

STORE 001 store - store A in the data
memory location addressed
by the instruction address
field

LOADI 010 loadimmediate- loadA with
the current instruction’s ad-
dressfield (the MS 3 bits are
cleared)

ADD 011 add- load A with the sumof
A andthedatamemoryloca-
tion addressedby theinstruc-
tion addressfield

NOT 100 not - load A with the one’s
complementof A

AND 101 and- loadA with theAND of
A andthedatamemoryloca-
tion addressedby theinstruc-
tion addressfield

JZ 110 jump on zero - if A is zero
load PC with the current in-
struction’saddressfield

JN 111 jumponnegative- if A isneg-
ative loadPCwith thecurrent
instruction’saddressfield

Note that the instruction’saddressfield is usedto
addressdatamemory, addressinstructionmemory,
or asa sourceof immediatedatadependingon the
instruction.

Assignment

Write VHDL descriptionsof eachof thefive parts.

The instructionmemoryshouldcontain the fol-
lowing programwhich initializes threememorylo-
cations,executesa loop threetimes and then goes
into aninfinite loop.

Address Opcode Operand Comment
0 LOADI 0 ; set location 0 to zero
1 STORE 0
4 NOT ; set location 1 to -1
5 STORE 1
2 LOADI 1 ; set location 2 to 1
3 STORE 2
6 LOADI 3 ; load 3
7 ADD 1 ; subtract 1
8 JNZ 7 ; loop until zero
9 JZ 9 ; infinite loop

Assemblethe above programinto the CPU’s ma-
chine languageand useit to designthe instruction
memory. Unusedlocationsshouldbesetto zero.

Testeachpartof yourdesignseparately. Asamin-
imum,ensurethefollowing:

� theinstructionmemorygivesthecorrectoutput
for eachaddressinput

� if youwrite thevalues1,0FFH 0EEH to memory
locations0,1and31youcanreadbackthesame
valuesfrom thesememorylocation.

� the PC is properly reset, loaded, and incre-
mented

� theALU performseachof itssixoperationscor-
rectly

� the controller generatesthe correct (sequence
of) outputsfor eachinstruction, including the
two possibleoutputsfor eachconditionaljump
instruction

Write a top-level entity that combinesthe five
components.This entityshouldhave two inputs: re-
setandclock, andthreeoutputs:PC,the instruction
memoryoutput, A. Simulatethe operationof your
computerfrom resetuntil it executestwo iterations
of theinfinite loop(11 instructions).

SubmittheVHDL sourcecodelistingsandsimu-
lation outputs.Bonusmarkswill beawardedfor the
simplestandfor theeasiest-to-readsolutions.
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